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© Etch resistant wafer boat and process. 



© Quartz wafer boats which are designed for 
chemical vapor depositon (CVD) silicon dioxide coat- 
ing processes are protected from silicon dioxide 
etchants by coating the boat surfaces with a material 
which is etchant resistant and acceptable in a CVD 
reaction chamber. Preferred coating materials are 
silicon nitride, polycrystalline silicon, amorphous sili- 
con, silicon-boron, or combinations thereof. The etch 
resistant coating preferably has a thickness of at 
least 0.1 micrometers. 
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ETCH RESISTANT WAFER BOAT AND PROCESS 



This Invention relates to improved wafer boats 
for chemical vapor deposition (CVD) of silicon diox- 
ide coatings on wafers. In particular, this invention 
relates to closed quartz wafer boats configured for 
silicon dioxide coating processes and having a 
uniform coating thereon of an etch resistant ma- 
terial which is acceptable In the CVD environment 

in batch coating of semiconductor wafers in 
many CVD processes, wafer boats supporting a 
plurality of wafers are introduced into the CVD 
reactor. The boats support the wafers in a position 
affording the desired exposure to the deposition 
gases and reduce handling and facilitate the load- 
ing and unloading process. For precision coating of 
silicon dioxide layers on wafers, the boats addition- 
ally protect the wafers from direct impingement by 
turbulent flowing gas carrying entrained particulate 
reaction products and control gas diffusion to the 
wafers. For vertical CVD reactors, a particularly 
useful boat for silicon dioxide coatings comprises 
two hemicyRndricai sections having gas diffusion 
control openings in portions of the outer walls. 

The spacing and orientation of the wafers are 
determined by precision slots cut or ground in a 
plurality of boat rails when the boat is originally 
manufactured. Precision holes are provided in the 
outer walls of closed wafer boats for diffusion of 
gases into the boat Furthermore, the boat surface 
is roughened in some boats to provide a more 
constant boat surface area during the coating pro- 
cess. In the coating process, the wafer boat sur- 
faces are exposed to the process gases and are 
coated along with the wafers. To prepare the boats 
for reuse, the coatings must be removed. This is 
accomplished by treating the boats with suitable 
chemical solutions which selectively remove the 
coating materials. 

Quartz wafer boats used in silicon dioxide 
treatment processes present a particularly difficult 
problem since the quartz is also silicon dioxide, 
and any chemical solution which will dissolve sili- 
con dioxide coatings will etch the quartz. The gas 
diffusion holes become etched and widened, no 
longer restricting the gas diffusion into the boat to 
the precise flow and flow patterns required for 
optimum precision coating. Simultaneously, the 
slots for positioning the wafers are etched, becom- 
ing wider and irregular, and eventually losing the 
dimensions required for supporting the wafers in an 
optimum orientation, and th controlled surface 
area of roughen d boat surfaces are altered. These 
boats must be discarded, greatly limiting the useful 
life of the boats. 



This invention is based on a discovery that by 
coating the quartz boats for silicon dioxide with 
uniform coatings of silicon nitride, polycrystalline 
silicon, amorphous silicon or silicon-boron mixtures, 

5 the boats are rendered etch resistant and the 
silicon dioxide coatings formed in CVD process can 
be removed without significantly changing the di- 
mensions of the slots, gas diffusion openings, or 
surface area of preroughened surfaces. The useful 

10 life of the boats can thus be greatly extended. 

Coatings of silicon nitride, polycrystalline sili- 
con, amorphous silicon and sificon-boron are ap- 
plied to semiconductor wafers in some applica- 
tions, and quartz wafer boats carrying these wafers 

is are simultaneously coated. Wafer boats useful in 
these processes, however, do not have the configu- 
rations which are suitable for silicon dioxide coating 
CVD processes and are not the same as or equiv- 
alent to silicon dioxide CVD wafer boats. Coatings 

20 thereon are also cleaned with liquid etchants which 
are different from etchants used to remove silicon 
dioxide coatings. 

According to the present invention there is 
provided a silicon dioxide coating quartz wafer boat 

25 having a configuration which is uniquely suitable for 
silicon dioxide coating CVD processes having a 
unifoOT, etch resistant coating on the external sur- 
faces thereof which is resistant to etching by solu- 
tions containing hydrofluoric acid. The coating pref- 

30 erably comprises silicon nitride, polycrystalline sili- 
con, amorphous silicon, silicon-boron, or combina- 
tions thereof. The etch resistant coating preferably 
has a thickness of at least OJ micrometers. 

A process for increasing resistance of quartz 

35 wafer boats to wet chemical etchants for removing 
silicon dioxide coatings comprises exposing the 
boat surface to reactant gases yielding coatings, 
which are resistant to the etchants, under the tem- 
peratures and pressures at which uniform coatings 

40 will be formed. Etch resistant silicon nitride coat- 
ings are formed at temperatures of 700 to 900°C, 
pressures of from 13 -133 Pa (OJ to 1.0 torr), and 
coating times e.g. of at least 50 minutes with a gas 
mixture of dichlorosilane and ammonia. Etch resis- 
ts tant amorphous silicon coatings are formed at tem- 
peratures of about 500 to 600° C and polycrystal- 
line silicon coatings are formed at temperatures of 
about 600 to 700°C with pressures of from 13 -133 
Pa, and coating times e.g. of at least 30 minutes 

so with silane or disilane. Etch resistant silicon-boron 
coatings are formed at temperatures of 300 to 
500°C, pressures of from 13 -133 Pa, and coating 
times e.g. of at least 60 minutes with gas mixtures 
of silan or disilane, and diborane. 
In the accompanying drawings: 
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Figure I is a side view of a cylindrical wafer 
boat uniquely suitable for silicon dioxide coatings in 
a vertical hot wall CVD reactor. 

Figure 2 is a cross-sectional view of the 
cylindrical wafer boat taken along the line 2-2 jn 
Figure I. 

Figure 3 is a fragmentary cross-sectional 
view of the lower wafer support rails taken along 
line 3-3 in Figure 2. 

Figure 4 is a fragmentary cross-sectional 
view of the upper wafer support rails taken along 
line 4-4 in Figure 2. 

Quartz glassware is preferred for all internal 
surfaces of CVD reactors because of the high pu- 
rity and stability at high temperatures. Quartz wafer 
boats are thus preferred in silicon dioxide treatment 
processes, even though they have a reduced life 
because of loss of quartz during the cleaning cycle. 
The chemical solution which dissolves silicon diox- 
ide coatings also etches the quarts In the most 
advanced CVD processes for silicon dioxide coat- 
ing which yield the high coating uniformity required 
for VLSI devices, the wafers are enclosed in quartz 
boats to isolate the wafers from turbulent gas flow 
and suspended particles. Gas diffusion opening 
shape, placement and cross-sectional area, and 
wafer support structure have critical dimensions 
which directly affect coating uniformity. An example 
of such a quartz boat is shown in the Figures. 

Figure I is a side view of the cylindrical wafer 
boat disclosed and claimed in US 4582020 (EP 
161101). This boat is uniquely suitable for silicon 
dioxide coatings in a vertical hot wall CVD reactor. 
Rgure 2 is a cross-sectional view taken along the 
line 2-2 in Rgure I. The central axis of the cylin- 
drical wafer boat 2 is horizontal, and wafers sup- 
ported therein for coating are supported in an up- 
right orientation. 

The inner surfaces of the cylindrical wails have 
the shape of and conform to the outer edges of the 
individual wafers to be coated, being precisely 
spaced from the edges of the wafers. The cylin- 
drical wafer boat 2 comprises an upper hemicylin- 
drical section 4 and a lower hemicylindricai section 
8 having mutually engaging opposed surfaces 
which join in a horizontal plane approximately 
through the central axis of the cylinder 2. The ends 
8 and 10 of the upper hemicylinder and 12 and 14 of 
the lower hemicylinder are closed with gas flow 
passageways therein. Leg projections 16 and 18 
project from the lower surface of hemicylinder 6 
and are preferably integral therewith. The lower 
surface 20 of the hemicylinder 6 can be a flat 
section to engage the flat lower indexing edge 
typically present on a wafer, if desired. The leg 



projections 16 and 18 maintain the wafer boat in a 
stable orientation, precisely positioned in the reac- 
tion zone with the lower surface thereof preferably 
at least 7.5 mm above the supporting surface. 

s Referring to Rgure 2, lower gas flow passage- 
ways 22 and upper gas flow passageways 24 are 
present in the sidewal! portions of the upper hemi- 
cylinder constituting the diffusion zones thereof. 
The ends 8 and 10 are also diffusion zones, gas 

70 flow passageways 23 being positioned in the end 
walls 8 and 10. The lower passageways 22 are 
within the diffusion Zones C corresponding to An- 
gle C in Rgure 2. Sidewall Zones B corresponding 
to Angle B are closed and free of passageways. 

15 Angle C is from 10° to 75° and preferably from I0* 
to 60° of the horizontal plane dividing the cylinder 
into upper and lower hemicylinders. Additional 
openings 24 can be provided in the upper hemi- 
cylinder within Zone A corresponding to Angle A. 

20 Angle A is within 15° and preferably within I0° of 
the vertical plane through the axis of the cylinder 2. 
Passageways 22 and 24 can be circular holes, as 
shown, or can have oval, elliptical, rectangular, 
slotted or other cross-sectional shapes, if desired. 

25 In one embodiment, the passageways 22 are 
positioned throughout the diffusion Zone C in a 
substantially even distribution. The cross-sectional 
area of the gas flow passageways can be from 0.5 
to 80 percent preferably from 0.5 to 40, and opti- 

30 mally from 0.5 to 20 percent of the total outer 
surface area of Zone C (including the portions 
occupied by holes). The upper and lower hemi- 
cylinders are preferably symmetrical about the ver- 
tical axis, and the Zones B and C are present on 

35 both sides of the vertical axis of the upper hemi- 
cylinder 4 in a symmetrical configuration. 

The entire lower hemicylinder wall 6 is a gas 
diffusion zone and preferably has gas flow pas- 
sageways 26. These are preferably uniformly dls- 

40 tributed and can have the shapes described above 
with respect to the passageways in the upper 
hemicylinder 4. The cross-sectional area of the gas 
flow passageways 26 can be from 0.5 to 80 per- 
cent, preferably from 0.5 to 40, and optimally from 

45 0.5 to 20 percent of the total outer surface area of 
the lower hemicylinder 6 (including the portions 
occupied by holes). The ends 12 and 14 also have 
gas flow passageways arranged to permit gas flow 
into the ends of the cylinder 2. In end closure 14, 

so for example, the passageway 27 is an open slot 
having an arcuate shape adjacent the wail 6 con- 
forming to the shape of the sidewall 6 and bottom 
wall 20. The passageways 27 in the ends 12 and 14 
preferably occupy less than 20 percent of the end 

56 , closure area. 
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The legs 16, 17 and 18 are supported by a 
cross-beam 28 preferably integral therewith. The 
legs 16, 17 and 18 are designed to support the 
cylindrical wafer boat 2 In a stable orientation dur- 
ing the coating operation. They are also designed 
to straddle and engage a loading fork projection - 
(not shown) of a loading apparatus, by which 
means the boats can be automatically and rapidly 
loaded and unloaded from the wafer support sur- 
face. Rals 30, 32, 34 and 36 maintain the wafers 
placed in the boat In a precisely spaced, upright 
position. 

Figure 3 is a fragmentary cross-sectional view 
of the wafer boat taken along fine 3-3 in Figure 2 
showing details of the lower wafer support rails . 
The slots 38 in rail 34 have angularly sloped sides 
40 tapering to merge with the bottom surfaces 42, 
maintaining the bottom of the wafers placed therein 
in a precisely determined spacing but leaving the 
wafer surface fully exposed. 

Figure 4 is a fragmentary cross-sectional view 
of the wafer boat taken along fine 4-4 in Figure 2 
showing details of the upper wafer support rails. 
The slots 44 in rail 36 support the wafers placed 
therein in the vertical orientation. They have ta- 
pered portions 46 and 48 which facilitate loading 
and reduce the portion of the wafer surface 
masked by the slots when the wafers are bottomed 
against the slot surface 50. 

The slots 38 and 44 position the wafers is a 
precise orientation* and spacing, and are laser cut 
or ground to precise dimensions. Any variation in 
the dimensions changes the relative angle of the 
wafers and the spacing between adjacent wafer 
surfaces. Gas diffusion flows are a function of the 
cross-sectional areas for gas flow between the wa- 
fers, and coating irregularities are introduced by 
small changes in the dimensions of the slots. Re- 
moval of silicon dioxide coatings from boats used 
in silicon dioxide coating processes is required to 
avoid dimensional changes due to buildup of the 
coatings. Etchants useful for removing silicon diox- 
ide coatings include hydrofluoric acid, usually dilut- 
ed with water and optionally containing a buffer 
such as ammonium fluoride. The hydrofluoric acid 
unavoidably removes quartz surfaces of the boats, 
since quartz is silicon dioxide. 

The quartz edges of the wafer support siots 38 
and 44 are eroded by the etching solutions. The 
gas diffusion holes become etched and widened, 
no longer restricting the gas diffusion into the boat 
to the precise flow and flow patterns required for 
optimum precision coating. Simultaneously, the 
slots for positioning the wafers are etched, becom- - 
ing wider and irregular, and v ntually losing the 
dimensions required for supporting the wafers in an 



optimum orientation. The controlled surface area of 
roughened boat surfaces are altered. These boats 
must be discarded, greatly limiting the useful life of 
the boats. 

5 This invention is based on a discovery that by 

coating the quartz boats for silicon dioxide with 
uniform coatings of silicon nitride, polycrystalline 
silicon, amorphous silicon or silicon-boron mixtures, 
the boats are rendered etch resistant, and the 

70 silicon dioxide coatings formed in the CVD process 
can be removed with the liquid silicon dioxide 
coating etchants without significantly changing the 
dimensions of the slots. The etch resistant coating 
preferably has a thickness of at least 0.1 microm- 

15 eters and preferably at least I.O micrometers. The 
useful life of the boats can thus be greatly ex- 
tended. 

The process for increasing resistance of quartz 
wafer boats to wet chemical etchants for removing 

20 silicon dioxide coatings comprises exposing the 
boat surface to reactant gases yielding the coatings 
which are resistant to the etchants under the tem- 
peratures and pressures at which uniform coatings 
will be formed. Coating by chemical vapor deposi- 

25 tion (CVD) is preferred over physical vapor deposi- 
tion, such as evaporation or sputtering, because of 
the relative ease of achieving complete coating of 
all surfaces with CVD methods, although the phys- 
ical vapor deposition methods can be used, if de- 

30 sired. The hot-wall CVD processes rather than the 
cold-wall CVD processes are preferred because of 
the inability to uniformly heat nonconductors in the 
latter processes. This is particularly important for 
pieces having irregular shapes in the third dimen- 

35 sion. Hot-wall systems are generally operated at 
reduced pressure in order to improve coating uni- 
formity and efficiency. 

Any suitable CVD reactor can be used for 
carrying out the process, such as hot wall tube 

40 CVD reactors such as is described in U.SPatent 
4,098,923 and vertical hot wall tube CVD reactors 
such as are described in U.S.Patent No. 4,539,933, 
and the like. Application of boron-silicon coatings 
requires a vertical hot wall tube CVD reactor rather 

46 than a tube furnace because of the rapid coating of 
the reactor walls of the tube furnace and depletion 
of the siland and diborane reactants before they 
reach the objects to be coated. The coatings found 
to be useful for protecting the quartz surfaces have 

so been previously applied in coating semiconductor 
wafers in CVD processes. The processes for pro- 
viding these coatings are thus well known for coat- 
ing semiconductor wafers, although they have not 
been previously used to provide such coatings on 

55 silicon dioxide coating boats. 
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Etch resistant silicon nitride coatings can be 
obtained with a gas mixture of dichlorosilane and 
ammonia at temp ratures of 700 to 900C and pref- 
erably of from 800 to 850C; pressures of from 13 • 
133 Pa and preferably of from 27 -53 Pa (0.2 to 0.4 5 
torr); with coating times e.g. of at least 50 minutes 
and preferably at least 100 minutes. Alternative gas 
mixtures which can be used to provide silicon 
nitride coatings include silane and ammonia at tem- 
peratures of 700 to 800C and preferably of from 10 
750 to 800C, with pressures and coating times as 
described above. 

Etch resistant amorphous and polycrystalline 
silicon coatings can be obtained with gas mixtures 
of silane or disilane at pressures of from 13 -I33 Pa 75 
and preferably from 40 -80 Pa (0.3 to 0.6 torr); and 
coating times e.g. of at least 50 minutes and pref- 
erably at least I20 minutes. The amorphous silicon 
coating is obtained at coating temperatures of from 
500 to 600C and preferably from 520 to 580C, and 20 
polycrystalline silicon coating is obtained at coating 
temperatures 600 to 700C and preferably of from 
620 to 680C. 

Etch resistant silicon-boron coatings can be 
obtained with gas mixtures of silane or disilane, 25 
and diborane, for example. The coatings can be 
obtained with these gases at temperatures of 300 
to 500C and preferably of from 350 to 450C; pres- 
sures of from 13 -I33 Pa and preferably of from 13 - 
27 Pa (0.1 to 0.2 torr); and coating times e.g. of at 30 
least 60 minutes and preferably of at least 120 
minutes. The ratio of silicon and boron can vary 
over the full/ange that impervious coatings can be 
achieved. Boron proportions in the boron-silicon 
coating can range from 0 wherein the coating 35 
would be a silicon coating up to 98 weight percent 
boron, for example. Alternative gas mixture include 
which can be used to provide silicon-boron coat- 
ings include disilane and diborane. 

This invention is further illustrated by the fol- 40 
lowing specific, but non-limiting examples. Tem- 
peratures are given in degrees centigrade unless 
otherwise specified. Descriptions of procedures 
which have been actually reduced to practice are 
given in a past tense, and procedures which are^ 45 
constructively reduced to practice by description 
herein are given in present tense. 



Example I 50 

A quartz wafer boat specifically designed for 
silicon dioxide coatings was placed in a vertical hot 
wall CVD reactor having a coating zone with a 
temperature of 8I0C and a pressure of 30 Pa (0.225 55 
torr). Dichlorosilane gas at a flow rate of 200 seem 
(cmVmin) and ammonia gas at a flow rate of 600 



seem was introduced into the reactor. After 100 
minutes, the gas flows were terminated, and the 
quartz boat having a uniform etch resistant coating 
of silicon nitride was removed from the reactor. 

The boat was found to be resistant to etching 
by silicon dioxide coating removal etchants con- 
taining hydrofluoric acid. 



Example 2 

A quartz wafer boat specifically designed for 
silicon dioxide coatings was placed in a vertical hot 
wall CVD reactor having a coating zone with a 
temperature of 625C and a pressure of 26.6 Pa - 
(0.200 torr). Silane gas at a flow rate of 300 seem 
was introduced into the reactor. After 100 minutes, 
the gas flows were terminated, and the quartz boat 
having a uniform etch resistant coating of poly- 
crystalline silicon was removed from the reactor. 

The boat was found to be resistant to etching 
by silicon dioxide coating removal etchants con- 
taining hydrofluoric acid. 



Example 3 

A quartz wafer. boat specifically designed for 
silicon dioxide coatings was placed in a vertical hot 
wall CVD reactor having a coating zone with a 
temperature of 400C and a pressure of 16 Pa (0.120 
torr). Silane gas at a flow rate of 175 seem and 
diborane gas at a flow rate of 75 seem was intro- 
duced into the reactor. After 60 minutes, the gas 
flows were terminated, and the quartz boat having 
a uniform etch resistant coating of a mixed com- 
position of silicon-boron was removed from the 
reactor. 

The boat is resistant to etching by silicon diox- 
ide coating removal etchants including hydrofluoric 
acid. 



Claims 

1. A quartz wafer boat having a configuration 
which is suitable for silicon dioxide coating CVD 
processes having a uniform, etch resistant coating 
on the external surfaces thereof which is resistant 
to etching by solutions containing hydrofluoric acid. 

2. A quartz wafer boat of claim I wherein the 
etch resistant coating comprises silicon nitride, 
polycrystalline silicon, amorphous silicon, silicon- 
boron, or combinations thereof. 

3. A quartz wafer boat of claim 2 wherein the 
etch resistant coating comprises silicon nitride. 
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4. A quartz wafer boat of claim 2 wherein the 
etch resistant coating comprises amorphous sili- 
con. 

5. A quartz wafer boat of claim 2 wherein the 
etch resistant coating comprises polycrystalline sili- 
con. 

6. A quartz wafer boat of claim 2 wherein the 
etch resistant coating comprises boron-silicon. 

7. A quartz wafer boat of any one of the 
preceding claims wherein the etch resistant coating 
has a thickness of at least 0.1 micrometers. 

8. A process for increasing resistance of a 
quartz wafer boat to wet chemical etchants for 
removing silicon dioxide coatings with a silicon 
nitride coating comprising exposing the wafer boat 
surface to dichlorosilane and ammonia at tempera- 
tures of 700 to 900°C and pressures of from 13 -133 
Pa until a uniform, contiguous coating of silicon 
nitride is formed on the wafer boat surface. 

9. A process of claim 8 wherein the wafer boat 
surface is exposed to the dichlorosilane and am- 
monia at temperatures of from 800 to 850°C and 
pressures of from 27 to 53 Pa. 

10. A process for increasing resistance of a 
quartz wafer boat to wet chemical etchants for 
removing silicon dioxide coatings with a silicon 
nitride coating comprising exposing the wafer boat 
surface to silane and ammonia at temperatures of 
700 to 800°C and pressures of from 13 to 133 Pa 
until a uniform, contiguous coating of silicon nitride 
is formed on the wafer boat surface. 

11. A process of claim (0 wherein the wafer boat 
surface is exposed to the silane and ammonia at 
temperatures of from 750 to 800°C and pressures 
of from 27 to 53 Pa. 

12. A process for increasing resistance of a 
quartz wafer boat to wet chemical etchants for 
removing silicon dioxide coatings with an amor- 
phous silicon coating comprising exposing the wa- 
fer boat surface to silane, disilane or mixtures 
thereof at temperatures of 500 to 600°C and pres- 
sures of from 13 -133 Pa until a uniform, continuous 
coating of amorphous silicon is formed on the 
wafer boat surface. 

13. A process of claim 12 wherein the wafer 
boat surface is exposed to the silane or disilane at 
temperatures of from 520 to 580°C and pressures 
of from 40 to 80 Pa. 

14. A process for increasing resistance of a 
quartz wafer boat to wet chemical etchants for 
removing silicon dioxide coatings with a poly- 
crystalline silicon coating comprising exposing the 
wafer boat surface to silane, disilane or mixtures 
thereof at temperatures of 600 to 700°C and pres- 
sures of from 13 -133 Pa until a uniform, continuous 
coating or polycrystallin silicon is formed on the 
wafer boat surface. 



15. A process of claim 14 wherein the wafer 
boat surface is exposed to the silane or disilane at 
temperatures of from 620 to 680°C and pressures 
of from 40 to 80 Pa. 

s 16. A process for increasing resistance of a 
quartz wafer boat to wet chemical etchants for 
removing silicon dioxide coatings with a boron- 
silicori coating comprising exposing the wafer boat 
surface to disilane, silane or mixtures thereof, and 

10 diborane at temperatures of 300 to 500 °C and 
pressures of from 13 to I33 Pa until a uniform, 
contiguous coating of silicon-boron is formed on 
the wafer boat surface. 

17. A process of claim I6 wherein the wafer 

75 boat surface is exposed to silane and diborane at 
temperatures of from 350 to 450°C and pressures 
of from 13 to 27 Pa. 
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